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BJIHflHHE MHKPOCnOPH^HH VAIRIMORPHA EPHESTIAE 
(MICROSPORIDIA: BURENELLIDAE) HA AKTHBHOCTb 
H CnEKTP HECnEUHO>HHECKHX 3CTEPA3 PA3JIHHHBIX TKAHEH 
JIHHHHOK EOJIbHIOH nHEJIHHOH OrHEBKH 
GALLERIA MELLONELLA (LEPIDOPTERA: PYRALIDAE) 

© R. JI. BopoHuoea, H. H. Epmoe, B. B. TjiynoB 

PhyneHO BJiMHHMe MMKpocnopnziHH Vairimorpha ephestiae (Microsporidia: Burenellidae) 
Ha M3MeHeHHe aKTHBHOCTM m cneKTpa HecneuH4)HHecKMx 3crepa3 b reMOJiHM(})e, cpeziHeii 
KHLUKe m xhpobom Tejie jihhhhok Galleria melonella (Lepidoptera: Pyralidae). Cneiopbi 
3depa3 npoaHajiH3HpoBaHbi c noMombio 3JieKTpoc})ope3a b nojiMaKpnjiaMMziHOM rejie, 06 - 
myio 3CTepa3Hyio aKTMBHoeTb onpeziejiHJiH cneKTpocjjOTOMeTpMHecKH. OdHapyxeHo, hto b 
reMOJiHM(})e 3apaxeHHbix HaceKOMbix nponcxoziHT noBbimeHne 3CTepa3Hon aKTHBHOCTM, h 
perncTpMpyeTCH aKcnpeccnn HHZiyiiH 6 ejibHOH M3ocj)opMbi (J>epMeHTa. B roMoreHaiax xnpo- 
Boro Tejia He odHapyxceHO H3MeHeHHH b cneKTpe 3CTepa3 y HaceKOMbix c npM3HaicaMM 
MMKpocnopM^M03a. B roMoreHaTax cpeziHen khlukh MHcjjMLiMpoBaHHbix jihhhhok BbiHBJie- 
Ha aerpaaauMH M30(})epMeHT0B h 3aperHCTpHpoBaHO CHM>KeHMe oduxen 3CTepa3HOH aKTHB¬ 
HOCTM b nepnon MaccoBoii cnoporoHHH napa3HTa. lloKa3aHO, hto HandojibinaH aKTHB- 
HOCTb 3CTepa3 b reMOJiMM^e h tkbhhx cpeziHen khhikh perncTpHpyeTcn b nepnozi BereTa- 
THBHoro pa3MHO>xeHMH napa3HTa, a HaMMeHbman — npn MaccoBOM cnopoo6pa30BaHHH 
MHKpOCnopHflHH. 


HecneuM^HHecKMe 3CTepa3bi b >KH3HezieHTejibH0CTH HaceKOMbix HrpaiOT Bax- 
HyK) pojib. Ohm ynacTByiOT b cjjopMHpoBaHMH pe3MCTeHTHOCTH HaceKOMbix k hh- 
CeKTHUHZiaM, B ZierpaZiaUMM TOKCMHHbIX MeTa6oJIMTOB KOpMOBOTO paCTeHHH H B 
MeTa6oJIH3Me pa3JIMHHbIX 6MOJIOTMHeCKM aKTHBHbIX BeiHeCTB, B HaCTHOCTH K)Be- 

HHjibHbix ropMOHOB (Jameson et al., 1976; Hooper, 1976; Terriere, 1984; Pateur 
et al., 2001; Zera et al., 2002). Akthbhoct b h cneKTp Hecneu,H(J)MHecKHx 3CTepa3 
MoxeT H3MeHHTbCH b 3aBMCMM0CTM ot CTaziHH pa3BMTHH, nojia, B03pacTa HaceKo- 
moto, BHAa KopMOBoro pacTeHMH (KojibneBCKMH, riaxoMOB, 1990; PocjiaBueBa 
h zip., 1993; Tan, Guo, 1996; Park, Kamble, 1998). KpoMe Toro, Ha aKTHBHOCTb 
ziaHHbix c|)epMeHTOB y HaceKOMbix MoryT BJiHHTb HH^eKUMOHHbie 3a6ojieBaHHH. 
TaK, npn SaKTepHajibHOM mh^ckumm, Bbi3BaHHOH Escherihia coll , y jihhhhok 
T yTOBoro mejiKonpHZia Bombyx mori 3aperHCTpHpoBaHO noBbimeHHe aKTHBHOCTM 
Kap6oKCHji3CTepa3, a TaKxe BbiHBJieH HHziyuMSejibHbiH M30(|)epMeHT (Shiotsuki, 
Kato, 1999). YcTaHOBJieHo, hto MH^HunpoBaHHe KOMapoB Aedes aegypti ap6o- 
BnpycoM MHKyryHbH conpoBoxziaeTCH noBbimeHHeM aKTHBHOCTM HecneuH(|)HHe- 
CKHX 3CTepa3, HTO oSyCJIOBJIHBaeT CHH>KeHHe HyBCTBHTeJIbHOCTH HaceKOMbix K 
HHceKTHUHZiaM (Mourya et al., 1995). 3apaxeHHe HaceKOMbix 3HTOMonaToreH- 
HbiMH rpnOaMH conpoBoxziaeTCH noHBJieHHeM HHZiyuMSejibHbix 3CTepa3 b re- 
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MOJiHM(j)e (Cepe6poB h zip., 2001), hto noBbiuiaeT ycTOHHHBOCTb HaceKOMbix 
K HHCeKTMUHZiaM (Cepe6pOB H Zip., 2003). HOKa3aHO BJIHHHHe MHKpOCnOpHZIHH 
Ha aKTHBHOCTb 3CTepa3 y ryceHHij 03hmoh cobkh Agrotis segetum. Ylpu otom 
o6HapyxceHO, hto 3CTepa3Han aKTHBHOCTb b 6pK)uiHbix HepBHbix uenoHKax jih- 
hhhok yBejiHHHBaeTCH ot MOMema BHezipeHHH MHKpocnopHziHH Vairimorpha ant - 
heraeae b TKaHH xo3HHHa zio Hanajia cnoporoHHH (E^hmchko, 1989; Yefimenko 
et al., 2001). Pe3yjibTaTbi nccjieziOBaHHH 3CTepa3HOH aKTHBHOCTH y CBepHKa Gryl- 
lus bimaculatus npn MHKpocnopnziH03e npozieMOHCTpHpoBajiH HHrn6HpoBaHHe 
aKTHBHOCTH cjjepMeHTOB b reMOJiHMc[)e, reMOUHTax h xcHpoBOM Tejie 3apaxceH- 
Hbix HaceKOMbix. FIpezinojiaraeTCH, hto ozihhm H3 cjiczictbhh o6mero chhxcchhh 
aKTHBHOCTH 3CTepa3 HBJIfleTCH nOBblUieHHe THTpa KDBeHHJIbHOrO ropMOHa (Coko- 
jioBa, CyHziyKOB, 1999). 

HacTonmee HCCJieziOBaHHe CTaBHT CBoeii uejibio BbiHBHTb bjihhhhc mhkpo- 
cnopnziHH V. ephestiae Ha cneKTp h aKTHBHOCTb Hecneun^HHecKHx 3CTepa3 b re- 
MOJiHMc()e, cpeziHen khiiikc h xchpobom Tejie jihhhhok Ha pa3JiHHHbix 3Tanax 
pa3BHTHH MHKpOCnOpHZlH03a. 


MATEPHAJI M METOflHKA 

MaTepnajiOM zijih nccjieziOBaHHH cjiyxcnjin jihhhhkh Sojimhoh nnejiHHOH or- 
HeBKH Galleria mellonella L. (Lepidoptera, Pyralidae) H3 jiadopaTopHOH nonyjin- 
uhh. HaceKOMbix coziepxcajin Ha HCKyccTBeHHOH nHTaTejibHOH cpezie npn 28 °C 
b TeMHOTe (TaMapHHa, 1987). B OKcnepnMeHTax Hcnojib30BajiH MHKpocnopn- 
ZiHio Vairimorpha ephestiae Mattes (Microsporidia: Burenellidae), BbiziejieHHyio 
H3 MejibHHHHOH orHeBKH Ephestia kuehniella , h HH^eKLiHOHHyio zijih nnejiHHOH 
omeBKH G. mellonella (Weiser, Purrini, 1985; BopoHuoBa h zip., 2004). Cno- 
pbi V ephestiae 6biJin Jiio6e3HO npeziocTaBJieHbi IO. Cokojioboh (BHHH3P, 
CaHKT-rieTep6ypr). 

OKcnepHMeHTajibHoe 3apaxceHne HaceKOMbix. TyceHHLi TpeTbero B03pacTa 
G. mellonella (Ha cjieziyiomHH zieHb nocjie jiHHbKn) 3apaxcajin nepopajibHO cno- 
paMH V ephestiae — HaceKOMbix norpyxcajin Ha 1 c b BOZiHyio cycneH3Hio cnop 
(10 5 cnop x mji -1 ) hjih b ziHCTHjiJinpoBaHHyio Boziy (KOHTpojibHan rpynna jihhh¬ 
hok), nocjie nero noMemajin Ha HCKyccTBeHHyio nmaTejibHyio cpeziy. Pa3BHTHe 
MHKpOCnOpHZlH03HOH HH(j)eKLlHH KOHTpOJIHpOBaJIH B TeMOJIHM(j)e H TKBHHX C nO- 
MOIltblO (J)a30BO-KOHTpaCTHOH MHKpOCKOnHH. 

Ot6op reMOJiHM(J)bi h npnroTOBjieHHe TOMoreHaTOB BHyTpeHHHx opraHOB. Te- 
MOJiHM4)y jihhhhok G. mellonella OTSnpajiH b npoOnpKH OnneHziopcJia Ha Jiezin- 
Hyio 6 aHio. ZIjih npezioTBpameHHH MejiaHH3auHH reMOJiHM^bi b npoOnpKH Ha- 
cbinaJiH HecKOJibKO KpncTajuiOB (JieHHjiTHOMOHeBHHbi. TeMOJinM^y ueHTpncJjyrH- 
poBajiH npn 4°C b TeneHne 5 mhh npn 500 g, nocjie nero reMOUHTbi yziajiHJiH, 
a CBoOoziHyio ot kjictok reMOJiHMcjjy ncnojib30BajiH zijih H3yneHHH cneKTpa h 
onpeziejieHHH aKTHBHOCTH HecneuncjiHHecKHX 3CTepa3. fljin npnroTOBjieHHH 06 - 
pa 3 U 0 B zijih 3JieKTpo4)ope3a reMOJiHM(J)y ot 5—7 jihhhhok OTOnpajm b bhthko- 
aryjiHpyioinHH 6y4>ep (AB) npn 4—6 °C. AB totobhjih corjiacHO Coziepxojuiy h 
CMHTy (Soderhall, Smith, 1983) c MOziHcjmKauHHMH. Eyc[)ep coziepxcaji: 0.14 M 
NaCl, 0.1 mM rjnoK03y, 0.03 mM uHTpaT HaTpnn, 0.026 mM jiHMOHHyio khcjio- 
Ty, 10 mM 3flTA, 1 mM PMSF, 0.03 % TpHTOHa X-100, 5 mM OTM. 

£jih npHTOTOBJieHHH TOMoreHaTOB BHyTpeHHHx opraHOB jihhhhok npenapn- 
poBajiH b 0.1 M Na-4)oc4)aTHOM 6ycj)epe (pH 7.2) (OB). I43BjieHeHHbie opraHbi 
pacTHpajiH b CTeioiHHHOM TOMoreHH3aTOpe c xojioziHbiM AB (b cjiynae npnroTOB- 
jieHHH o6pa3uoB zijih HaTHBHoro 3JieKTpo4)ope3a) hjih c xojioziHbiM OB (b cjiynae 
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npnroTOBjieHHH o6pa3uoB juih cneKTpocjjOTOMeTpHn) b coothoiuchhh 0.06 r ro- 
MoreHaTa tk3hh Ha 1 mji 6y(J)epa. 3aTeM roMoreHa™ ueHTpH(J)yrHpOBajiH npn 
4 °C B TeneHHe 15 mhh npn 10 000 g. nojiyneHHbin cynepHaTaHT Hcnojib30Ba- 
JIH JUIH Onpe^eJieHHH (J)epMeHTaTHBHOH aKTHBHOCTH. Jinn 0£HOH nOBTOpHOCTM 
Hcnojib30BajiH 5 jihhhhok. 

MHOxecTBeHHbie (J)opMbi 3CTepa3 BbiABjinjin b 7.5%-hom nojinaKpnjiaMHji- 
hom rejie c Hcnojib30BaHHeM Tpnc-rjinuHHOBoro 6y(J)epa pH 8.0 (Laemmli, 1970) 
c 0.1%-HbiM tphtohom X-100. no OKOHHaHHH 3jieKTpo(J)ope3a rejib HHKy6npO- 
BajiH b cyOcTpaTax, cojxepxcamnx 50 mji OB, 5 Mr l-Ha(J)THJiaueTaTa, 10 Mr 2-Ha- 
(J)THJiaueTaTa, 5 Mr l-HacjymjmponHOHaTa h 25 Mr npoHHoro CHHero PO (Ko- 
POhkhh h zip., 1977). HHKySauHio rejin b cyOcTpaTax npoBOjinjin b tcmhotc 
npn 28 °C b TeneHne 15 mhh. 3cTepa3bi, rnzpojiH3yioinHe 1 -Ha(J)THJiaueTaT n 
l-Ha(J)THjmponHOHaT, npejiCTaBJiajiH co6oh nojiocbi nepHoro UBeTa Ha OKpa- 
uieHHOH 3JieKTpo(J)opeTHHecKOH njiacTHHKe. nojiocbi 3CTepa3, OKpameHHbie 
b KpacHbiH uBeT, rn,apojiH30BajiH 2-Ha(J)THjiaueTaT (Lapenta et al., 1995). 

CneKTpo(J)OTOMeTpHHecKoe onpezejieHne aKTHBHOCTH 3CTepa3 b reMOJiHM(J)e 
h roMoreHaTax xcnpoBoro Tejia h KHinenHHKa npoBOjnuiH no AcnepeHy (Aspe- 
ren, 1962) c He3HanHTejibHbiMH H3MeHeHHHMH. PiHKyOauHOHHaa CMecb cojiep- 
xcajia 1 mji 0.54 mM l-HacjjTHjiaueTaTa b OB h 15 mkji onbiTHoro o6pa3ua. no- 
cjie HHKyOauHH b TeMHOTe b TeneHne 30 mhh npn 30 °C peaKunio ocTaHaBjin- 
BajiH nyTeM jioOaBjieHHH 0.25 mji KpacHine-^HKcnpyiomero pacTBopa (0.25 % 
npoHHoro CHHero PP h 3.125% aojieuHjicyjib^aTa HaTpna b OB). YjiejibHyio 
aKTHBHOCTb (J)epMeHTa BbipaxaJIH B eZHHHUaX H3MeHeHHfl OnTHHeCKOH njIOT- 
hocth (A6oo) HHKy6auHOHHOH CMecH b xoze peaKUHH b pacneTe Ha 1 mhh h 1 Mr 
6ejiKa. 

KoHueHTpauHio 6ejiKa b reMOJiHMcJie h b roMoreHaTax TKaHen onpe/iejiBjiH 
no Merojiy BpejuJjopjia (Bradford, 1976). ^jih nocrpoeHna KajinOpoBonHon Kpn- 

BOH HCnOJIb30BajIH 6bIHHH CbIBOpOTOHHblH aJIbdyMHH. 

nojiyneHHbie jiaHHbie odpadaTbiBajin CTaTHCTnnecKH, paccnHTbiBan cpeji- 
Hee apn(J)MeTHHecKoe h ero orundKy. flocTOBepHocTb pa3JiHHHH onpejxejiHJin no 
t-KpHTepHio CTbiojieHTa (p < 0.05) (Hjioxhhckhh, 1970). 


PE3YJIbTATbI 

H3MeHeHHe aKTHBHOCTH h cneKTpa 3CTepa3 reMOJiHM(J)bi 
G. mellonella. B pe3yjibTaTe H3yneHHH cneKTpa MHOxcecTBeHHbix (J)opM 
Hecneun(J)HHecKHX 3CTepa3 reMOJiHM^bi jihhhhok G. mellonella 6biJio BbiHBJie- 
ho, hto 3CTepa3bi, rHjxpojiH3yiomHe l-HacjyrajiaueTaT h l-HacjyrajmponHOHaT, 
oOjiajiajiH HanOojibineH 3JieKTpo(J)opeTHHecKOH nojiBHJKHOCTbio n npejiCTaBJinjin 
co6oh nojiocbi nepHoro UBeTa Ha OKpaineHHOH sjieKTpocjjopeTHHecKon njiacTHH- 
Ke. H30(J)opMbi 3CTepa3, xapaKTepnayiomnecH hh3koh 3jieKTpo(J)opeTHHecKOH 
nojiBHXCHOCTbio, rnzpojiH30BajiH 2-Hac]jTHJiaueTaT. BbiJio ycTaHOBjieHO, 4 to ne- 
pe3 1 n 2 cyT nocjie 3apaxceHHH HaceKOMbix cnopaMH MHKpocnopnjiHH V ephes- 
tiae pa3JiHHHH b cneKTpe Hecneun(J)HHecKHX 3CTepa3 reMOJiHM(J)bi KOHTpojibHbix 
H HH(J)HUHpOBaHHbIX JIHHHHOK OTCyTCTByiOT. Hepe3 3 CyT nOCJie 3apaxeHHH B 
cneKTpe 3CTepa3 reMOjiHM(J)bi HHcjjHunpoBaHHbix jihhhhok 3aperncTpnpoBajiH 
HHjiyunOejibHbie H30(J)opMbi IE h IEj (pnc. 1, a). Bojiee lnnpoKHH cneKTp ocre- 
pa3 6bui BbiHBJieH b reMOJiHM(J)e qepe3 6 cyT nocjie Hanajia OKcnepHMema, Korjia 
npoH30iiuia JiHHbKa HaceKOMbix Ha HeTBepran B03pacT (pnc. 1). npn otom b 
KOHTpojie 6biJin 3aperncTpnpoBaHbi H30(J)opMbi LEi n LE2 n o6HapyxceHO, hto 
b reMOJiHM(J)e 3apaxceHHbix jih^hhok H30(J)opMa IEj He hbjihctch HHjiyunOejib- 


76 



K M K M 



a 6 


Pnc. 1. CneKTp 3depa3 reMOJTHMc})bi Galleria mellonella b HopMe n npH MHKpocnopmmoae. 

a — nepe3 3 cyT nocjie 3apa^KeHHfl MHKpocnopmmflMH, 6 — Mepe3 6 cyT nocjie 3apa>KeHHfl MHKpocnopnanflMH. k — 
KOHTpojib (He3apa)KeHHbie jihmhhkh), m — 3apa>KeHHbie jihhhhkh. 

Fig. 1. Spectrum of hemolymph esterases in Galleria mellonella under normal conditions and under 

microsporidiosis. 

hom (pnc. 1, 6). SKcnpeccHH H30(J)opMbi IE b reMOJiHM(j)e ycMjiHjiacb nepe3 6 cyT 
nocjie 3apa>KeHHH (BH3yajibHaH perncTpauHfl), BMecTe c tcm M30(J)opMbi c Han- 
6oJIbUieH 3JieKTpO(J)OpeTHHeCKOH nO£BH>KHOCTbIO E4 M E5 MCHC3JIM H3 CneKTpa 
3CTepa3 3apa>KeHHbix HaceKOMbix (pnc. 1,6). Taicne H3MeHeHHH b 3CTepa3HOM 
cneKTpe reMOJiHM^bi HH^HunpoBaHHbix MHKpocnopn^MeH jihhhhok G. melonel- 
la coxpaHHjiHCb Becb nocjiejtyiomHH nepnojt HaSjnojieHHH (40 15 cyT nocjie 3a- 
paxceHHH). OueHHBan yjtejibHyio 3CTepa3Hyio aKTHBHOCTb reMOjiHM(f)bi, Mbi o6Ha- 
pyxcHjiH ^ocTOBepHbie pa3JiHHHH MC^Kjxy HHTaKTHbiMH h 3apa>KeHHbiMH HaceKO- 
MbiMH Ha npoTHxceHHH Bcero 3KcnepHMeHTa (pnc. 2). Tax, y>xe nepe3 cyTKH 
nocjie HH4)HUHpoBaHHH ryceHHU cnopaMH MHKpocnopnjtHH 3CTepa3Haa aKTHB- 
HOCTb b reMOJiHM(J)e 3apa>KeHHbix HaceKOMbix noBbimajiacb b 1.7 pa3a. Hepe3 
3 cyT nocjie 3apaxceHHH, Korjta b cneKTpe 3CTepa3 6buia BbiHBjieHa HHjtyunGejib- 
Han H3o4>opMa, yaejibHaa 3CTepa3Han aKTHBHOCTb b reMOJiHMtjje npn MHKpocno- 
pH^H03e B03pacTajia b 2.1 pa3a, a nepe3 9 cyT — b 4.1 pa3a no cpaBHeHnio c 
KOHTpojieM. 4epe3 15 cyT nocjie 3apa>KeHHH ypoBeHb 3CTepa3Hon aKTHBHOCTH 
CHHxajiCH, npnneM KaK b reMOJiHMcjje HH(J)HUHpoBaHHbix, TaK n HaTHBHbix JIH¬ 
HHHOK (pnc. 2). 

H3MeHeHne aKTHBHOCTH n cneKTpa 3CTepa3 xcnpoBoro Tejia 
G. mellonella. CneKTp HecneuHcjjHHecKHX 3CTepa3 xnpoBoro Tejia jihhhhok 
G. mellonella coctoht H3 7 MHOxcecTBeHHbix MOJieKyjiapHbix (f)opM. H30(j)opMbi, 
rn^pojiH3yiomHe l-Hacj)THjiaueTaT n l-Ha(J}THjinponnoHaT, 3aperncTpnpoBaHbi b 
cpejmen nac™ 3CTepa3Horo cneKTpa. OcTajibHbie H30({)opMbi cneKTpa rn^pojin- 
30Bajin 2-Hacj)THjiaueTaT (pnc. 3). Ha npoTHxceHnn Bcero nepno^a Ha6jno^eHnn 
pa3JiHHHH b cneKTpax 3CTepa3 >KnpoBoro Tejia 3apaxceHHbix n KOHTpojibHbix jih¬ 
hhhok He o6Hapyxcnjin (pnc. 3). YjtejibHan 3CTepa3Han aKTHBHOCTb b roMoreHa- 
Tax xcnpoBoro Tejia HH^HixnpoBaHHbix MHKpocnopn^HHMH HaceKOMbix jiocto- 
BepHO He OTjinnajiacb ot kohtpojih b TeneHne 9 cyT onbiTa. Hepe3 12cyr noc- 
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Phc. 2. M3MeHeHHe 3CTepa3HOH aKTHBHOCTH b reMOJiHM(})e jihhhhok Galleria mellonella npn mhkpo- 

cnopHaH03e. 

k — KOHTpo/ib; m — jihhhhkh, 3apaxeHHbie V ephestiae. 

Fig. 2. Alteration of the esterase activity in hemolymph of Galleria mellonella larvae under microspo- 

ridiosis. 


Jie 3apaxeHHH 6bmo 3aperHCTpnpoBaHO yBejinneHne 3CTepa3HOH aKTHBHOCTH b 
1.3 pa3a b xhpobom Tejie HH^HunpoBaHHbix ryceHHU (pnc. 4). Hepe3 15cyT 
yaejibHan aKTHBHOCTb 3CTepa3 b roMoreHaiax xcnpoBoro Tejia KaK KOHTpojibHbix, 
TaK h 3apaxceHHbix HaceKOMbix pe3KO CHH3Hjiacb ( jx o 1.5 h 3.4 ycjiOBHbix e^HHHU, 
4)epMeHTaTHBHOM aKTHBHOCTH COOTBCTCTBCHHO) (pHC. 4). B 3TOT Xe nepHO£ Ha- 
6jiiozieHHH 3aperHCTpHpoBa;iH Aerpa^aunio 3 H30(J)opM 3CTepa3Horo cneKTpa )kh- 
poBoro Te;ia KaK b KOHTpojie, TaK h npn MHKpocnopH^H03e (pnc. 3, 6 ). 


El 

E2 


E3 

E4 
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Phc. 3. Cneicrp 3CTepa3 roMoreHaTOB xnpOBoro Tejia Galleria mellonella b HopMe h npn MHKpocno- 

pHilH03e. 

a — Mepe3 3 cyr nocjie 3apaxeHHH MHKpocnopHanaMH, 6 — nepe3 15cyr nocjie 3apaxeHHH MHKpocnopHUHHMH. 
OcTajibHbie o6o3HaneHHH Te xe, hto h Ha pnc. 1. 

Fig. 3. Spectrum of esterases in fat body homogenates of Galleria mellonella under normal conditions 

and under microsporidiosis. 
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Phc. 4. M3MeHeHne 3CTepa3HOH aKTHBHOcTH b xhpobom Tejie Galleria mellonella npH MHKpocnopH- 

aH03e. 

1 — KOHTpojib; 2 — jihhhhkh, 3apa>KeHHbie V. ephestiae. 

Fig. 4. Alteration of the esterase activity in fat body of Galleria mellonella under microsporidiosis. 


H3MeHeHHe a kthbhocth h cneKTpa 3CTepa3 cpextHen khuikh 
jihhhhok G. melonella. Hepe3 cyTKH nocjie 3apaxceHHH 3aperncTpnpoB3HO 
7 H30(J)opM b cneKTpe 3CTepa3 cpeflHen khiukh KaK KOHTpcuibHbix, TaK h 3a- 
paxeHHbix MHKpocnopHflHHMH ryceHHU (puc. 5, a). Hepe3 2 cyT nocue 3apa- 
xeHHH b 3CTepa3HOM cneKTpe o6Hapy>KeHO 8 MHO>KecTBeHHbix (J)opM 3CTepa3 
(pnc. 5, 6). 3a HCKjnoHeHHeM UByx H30(f)opM cpeuHen uacTH cneKTpa, MHOxcecT- 
BeHHbie (J)opMbi 3CTepa3 rnupojiH30BajiH 2-Ha(J)THJiaueTaT. TaKan KapTHHa Ha- 



Phc. 5. CneKTp 3CTepa3 roMoreHaTOB cpeaHen khllikh Galleria mellonella b HopMe h npH MHKpocno- 

pHiIH03e. 

a — Mepe3 1 cyT nocjie 3apa>KeHHH MHKpocnopHaHHMH, 6 — nepe3 2 cyT nocjie 3apa)KeHHH MHKpocnopmiHHMH, e — 
Mepe3 15 cyT nocjie 3apa>KeHHH MHKpocnopHaiiHMH. OcTajibHbie o6o3HaMeHHH Te xce, mto h Ha pnc. I. 

Fig. 5. Spectrum of esterases in midgut homogenates of Galleria mellonella under normal conditions 

and under microsporidiosis. 
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Phc. 6. M3MeHeHHe 3CTepa3HOM aKTHBHOCTH b cpeaHew KHiiiKe Galleria mellonella npn MHKpocnopH- 

awo3e. 

06o3HaHeHHH Te >Ke, hto m Ha pHC. 2. 

Fig. 6. Alteration of the esterase activity in midgut of Galleria mellonella under microsporidiosis. 


6jiio£ajiacb no 15 cyT nocjie 3apa^ceHH5i HaceKOMbix. ripn otom pa3JiHHHH Mexcny 

HaTHBHbIMH H HH(j)HIJ,HpOBaHHbIMH JIHHHHKaMH He BbIHBJieHbl. Hepe3 15 CyT IIO- 
cjie 3apa^ceHHH MHKpocnopHnnnMH b (})a3y MaccoBoro cnopoo6pa30BaHHH 3ape- 
racTpHpoBaHa nerpanaunn 3 H30(})opM b cneKTpe 3CTepa3 cpenHen kmuikh 3a- 
paxceHHbix ryceHMU (pnc. 5, e). 

^ocTOBepHbie pa3JiHHH5i b ypoBHe ynejibHOH 3CTepa3HOH aKTHBHOCTH Me>K,ziy 
KOHTpojibHbiMH h HH<J)HUHpoBaHHbiMH HaceKOMbiMH He 6buiH oOHapyxceHbi Ha 

1, 3 h 9 cyT 3KcnepHMeHTa. TeM He MeHee BbiHBjieHa TeHneHUHH k noBbime- 
hhk) aKTHBHOCTH 3CTepa3 b cpenHen KHiiiKe 3apaxceHHbix HaceKOMbix. TaK, nepe3 

2, 6 h 12 cyT nocjie HH(j)HUHpoBaHHfl ypoBeHb 3CTepa3 6biJi Bbirne no cpaBHeHHio 
c KOHTpojieM b 3.2 ± 1.3, 2.0 ± 1.0 h 2.8 ± 1.3 pa3a cootbctctbchho. Hepe3 15 cyT 
nocjie 3apaxeHHH noKa3aTe;iH oOuxen 3CTepa3HOH aKTHBHOCTH jihhhhok c npn- 
3HaKaMH MHKp0Cn0pHaH03a pe3KO CHHXCaJIHCb no CpaBHeHHIO C HHTaKTHbIMH 

HaceKOMbiMH h cocTaBjiHjiH 3.2 ± 1.7 h 92.1 ± 3.3 cootbctctbchho (pnc. 6). 


OBCY>KflEHHE 

K HacTOHUfeMy BpeMeHH b reMOJiHM(j)e HaTHBHbix jihhhhok G. mellonella 6buiH 
o6Hapy^ceHbi 4 MHO^cecTBeHHbie (JiopMbi 3CTepa3, THnpojiH3yioiiiHe l-Ha(j)THJi- 
aueTaT, KOTopbie, BeponTHO, npnHHMaiOT ynacTne b 2te3aKTHBau,HH 6aKTepnajib- 
Hbix tokchhob (Lysenko, 1972). Haum HccjienoBaHHH, TaKxce KaK h nccjieno- 
BaHHH Cepe6poBa h zip. (2001), nponeMOHCTpnpoBajiH 6ojiee uihpokhh cneKTp 
3CTepa3 reMOjiHM(j)bi G . mellonella. 3 to moxcct 6biTb CBH3aHO c Hcnojib30BaHHeM 
pa3JiHHHbix (f>epMeHTaTHBHbix cyOcTpaTOB — He TOJibKO l-Ha^THJiaueTaTa, ho h 
2-Ha(f)THJiaLieTaTa h l-Ha^THjinponnoHaTa. 

HanSojibuiHe H3MeHeHHH b cneKTpe n aKTHBHOCTH 3CTepa3 npn MHKpocno- 
pnziH03e, Bbi3biBaeMOM V ephestiae , 6biJin 3aperHCTpnpoBaHbi b reMOJiHM(j)e 3a- 
pa^ceHHbix jihhhhok. Mbi oOHapyxcHJiH HHxtyunSejibHyio H30(j)opMy 3CTepa3 b 
reMOJiHM(j)e HH(j)HUHpoBaHHbix HaceKOMbix, KOTopan, BeponTHO, ynacTByeT b ne- 
TOKCHKaUHH 3HJIOTOKCHHOB, nOHBJIHIOIIIHXCfl npH HapyUieHHH (jjyHKIJHOHHpOBa- 
HHfl HJIH pa3pymeHHH KJieTOK X03HHHa B pe3yj!bTaTe pa3BHTHH MHKpOCnOpH/IHH. 
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Bo3moxho, nosTOMy Mbi 3aperHCTpHpoBajiH jtocTOBepHoe noBbiiueHHe o6men 
3CTepa3HOH aKTHBHOCTH B reMOJIHM(|)e JIHHHHOK, 3apaxeHHbIX MMKpOCnopH^HeH 
V. ephestiae. Pe3yjibTaTbi Hauinx HccjiejiOBaHHH corjiacyiOTcn c jiaHHbiMH jipyrnx 
aBTopoB, KOTopbie noKa3ajiH, hto HHcJiHunpoBaHHe HaceKOMbix 3HT0M0naT0re- 
HaMH npHBOziHT k noHBJieHHio HH^yuH6ejibHbix 3CTepa3 h noBbimeHHio o6men 
3CTepa3HOH aKTHBHOCTH b reMOJiHM(|)e. B HacTHOCTH, oGHapyxeHO, HTO 3apaxe- 
HHe jihhhhok G. mellonella 3HT0M0naT0reHHbiMH rpnSaMH npHBOjtHT k HHjtyK- 
UHH H304)OpM 3CTepa3 H yBeJIHHCHHIO 06 meH aKTHBHOCTH 3CTepa3 B TeMOJlHM- 
4)e 3apaxeHHbix HaceKOMbix (Ahjipocob, AjineBa, 1980; CepeSpoB h jtp., 2001). 
flpn H3y4eHHH pojih 3CTepa3 npn naToreHe3ax 6buro noKa3aHO, hto HHjiyuH- 
OejibHbie 3CTepa3bi reMOJiHM(|)bi jihhhhok Bombyx mori npnHHMaiOT ynacrae b 
OJTHMHHaUHH TOKCHHeCKHX MOJieKyJl y HaceKOMbix, 3apaxeHHbIX GaKTepHHMH 
(Shiotsuki, Kato, 1999). HeoGxojtHMO OTMeraTb, hto npn MHKpocnopnjtH03e 
CBepHKa Gryllus bimaculatus , HH(|)HUHpoBaHHoro Nosema grylli , 6buio 3aperncT- 
pnpoBaHO HHrHSnpoBaHHe 3CTepa3HOH aKTHBHOCTH b tcmojihm^c 3apaxceHHbix 
HaceKOMbix (CoKOJiOBa, CyHjiyKOB, 1999). Abtoph nojiaraioT, hto ojihhm H3 
cjie^CTBHH oGmero chhxcchhh 3CTepa3, ynacTByiomHx b jierpajiauHH lOBeHHJib- 
hoto ropMOHa, MOxceT 6biTb noBbiiueHHe THTpa lOBeHHjibHoro ropMOHa h Ha- 
OjiiojiaeMafl «ioBeHHJiH3auH5i» 3apaxceHHbix oco6en, oOHapyxceHHan npn mhk- 
pocnopn^H03e. CHHxceHHe 3CTepa3HOH aKTHBHOCTH h jterpajiauHfl jmyx MOJie- 
KyjmpHbix H30(J)opM 3CTepa3 6buiH BbiHBJieHbi b OpioiiiHbix HepBHbix uenoHKax 
JIHHHHOK 03HM0H COBKH AgWtiS Segetum , 3apaXCeHHbIX MHKpOCnopnaHHMH (Yefl- 
menko et al., 2001). Abtoph Taoce CBH3biBaiOT 3to c H3MeHeHHeM THTpa iOBe- 
HHJibHoro ropMOHa, nocKOJibKy napa3HTbi cnocoOHbi CHHTe3npoBaTb otot rop- 
moh. no noBOAy nocjiejiHero b JiHTepaType hmciotch npoTHBonojioxcHbie 

MHeHHH. Bbuio noKa3aHO, hto MHKpocnopn^HH HH/iyunpyiOT HaKonjieHHe K>Be- 
HHJibHoro ropMOHa y xo3HHHa b nocjie^Hnx jihhhhohhbix B03pacTax, Beponrao, 
yzuiHHHH TeM caMbiM cpoKH pa3BHTHH xo3HHHa (Fisher, Sanborn, 1962, 1964). 
O^HaKO MnjiHep (Milner, 1972) He CMor no^TBepziHTb pe3yjibTa™ othx aBTO- 
poB, a JlHH^e h XeHH (Linde, Henn, 1993) coo6iuhjih o HejiocTOBepHbix pa3Jin- 
hhhx b THTpe lOBeHHjibHoro ropMOHa Mexcjty KOHTpojibHbiMH h 3apaxceHHbiMH 
MHKpocnopnziHeH Vairimorpha sp. JiHHHHKaMH jmyx bhjxob HeinyeKpbiJibix — Plu- 
talla xylostella h G. melonella. Hcxojtn H3 ototo, Mbi nojiaraeM, hto H3MeHeHHe 
3CTepa3HOH aKTHBHOCTH y JIHHHHOK OOJIbUIOH nHeJIHHOH OTHCBKH npH MHKpO- 
cnopH£H03e He CBH3aH0 c jienTejibHOCTbio lOBeHHjibHoro ropMOHa h 3CTepa3aMH 
lOBeHHjibHoro ropMOHa, KOTopbie oxapaKTepH30BaHbi y HeKOTopbix HaceKOMbix 
(Gu, Zera, 1994; Hinton, Hammock, 2001). 

Han6ojiee bmcokhh ypoBeHb noBbimeHHH aKTHBHOCTH 3CTepa3 b reMOJiHM(|)e 
6bui oOHapyxceH, Korjia npeoOjiajiaiomeH CTajinen pa3BHTHH V ephestiae b xcnpo- 
bom Tejie xo3HHHa 6buiH MepoHTbi h cnopoHTbi. BepoHTHO, noBbimeHHaH o6man 
3CTepa3Han aKTHBHOCTb h OKcnpeccnn jtonojiHHTejibHoro H30(J)epMeHTa b re- 
MOJiHMC^e cnocoScTByeT Oojibinen ycTOHHHBOCTH HaceKOMbix k KceHoOnoTHKaM 
pa3JiHHHOH npnpojibi, oSecneHHBan B03MOXHOCTb OjiaronpHHTHoro pa3BHTHH na- 
pa3HTa. Bbuio yjtHBHTejibHO, hto b otot nepnojt b KjieTKax xcnpoBoro Tejia, koto- 
pbie HBJIHIOTCH MeCTOM pa3BHTHH H pa3MHOXeHHH MHKpOCnOpH£HH, Mbi He 3ape- 
THCTpHpOBaJIH H3MeHeHHH 3CTepa3HOH aKTHBHOCTH no CpaBHeHHIO C KOHTpOJieM. 
Bo3moxho, b npouecce koobojiiouhh napa3HTa h xo3HHHa 6buiH BbipaOoTaHbi 
MexaHH3Mbi, no3BOJiHiomHe HHrHbnpoBaTb ^eTOKCHunpyiomne $epMeHTbi j^e- 
TOK-MHLLieHeH B nepHOJt BereTaTHBHOTO pa3MHOXeHHH MHKpOCnOpHJIHH. H3BeCT- 
HO, HTO HanaJIO HHBa3HH XapaKTepH3yeTCH He TOJIbKO OTCyTCTBHeM BHJIHMbIX na- 
TOJiorHnecKHx H3MeHeHHH KJieTOK xo3HHHa nojt B03jteHCTBHeM napa3HTa, HO H 
CTHMyJIHUHeH pOCTa KJieTOK X03HHHa. AHTarOHHCTHHeCKHe B3aHMOOTHOmeHHH 
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Mexcay MHKpocnopH^HHMH h xo3hmhom Ha paHHHX 3Tanax naToreHe3a hbjihiotch 
«3aByajiHpoBaHHbiMH» (Roberts et al., 1967). 

npw H3yneHHH cneKTpa 3CTepa3 cpeaHen khllikh jihhhhok KanycTHOH cobkh 
Barathra brassicae , 3apaxceHHbix MHKpocnopHaneH Vairimorpha antheraea , 6biJio 
noKa3aHO noaaBjieHne HeKOTopbix H30(J)opM 3CTepa3 bo BpeMH pa3BHTHH Bereia- 
THBHblX CTa^HH MHKpOCnOpHJIHH (KOJIbHeBCKafl, KojibHeBCKHH, 1988). MbI TaK- 
xce 3aperHCTpnpoBajiH aocroBepHoe cHHxceHHe o6inen 3CTepa3HOH aKTHBHOCTH 
no cpaBHeHHK) c kohtpojicm h aerpaaauHio cneKTpa 3CTepa3 cpeaHen khllikh, 
ho TOJibKO nepe3 15 cyT nocjie 3apaxceHHH, t. e. npn cnoporoHnn V ephestiae. 
B03M0XCH0, TaKHe pa3JIHHHfl CBH3aHbI He TOJibKO C BHJIOBblMH 0 C 06 eHH 0 CTflMH 
napa3HTOB n xo3aeB, ho h c TeM, hto b OKcnepnMeHTe c KanycTHOH cobkoh hc- 
n0JIb30BaJIH H30JIHT MHKpOCnOpHJIHH C BbICOKOH CTeneHbK) naTOreHHOCTH. no- 
jtaBJieHne 3CTepa3Hon aKTHBHOCTH b tkbhhx cpe/men khllikh moxcct 6biTb pe- 
3yjibTaTOM CHHxceHHH o6mero MeTa6ojin3Ma b octpoh (J)a3e 6ojie3HH. Anajio- 
mHHbie jiaHHbie 6bum nojiyneHbi npn H3yneHHH bjihhhhh MHKpocnopnaHH Ha 
3CTepa3HyiO aKTHBHOCTb B pa3JIHHHbIX TKaHHX X03HHHa JtpyTMX BUJXOB HaceKOMbix 
(CoKOJiOBa, CyHjiyKOB, 1999; Yefimenko et al., 2001). 

TaKHM o6pa30M, noKa3aHO, hto 3apa>KeHne jihhhhok G. mellonella MHKpo- 
cnopnaneH V. ephestiae npHBoziHT k H3MeHeHHio aKTHBHOCTH n cneKTpa 3CTepa3 
b reMOJiHM(J)e n cpejtHen KnniKe 3apaxceHHbix HaceKOMbix. Han6ojibmaH bkthb- 
HOCTb 3CTepa3 perncTpnpyeTCH b nepnoa BereTaTHBHoro pa3MHOxceHHH napa- 
3HTa, a HanMeHbuiaH — npn MaccoBOM cnopoo6pa30BaHHH MHKpocnopnaHH. 
flpn 3tom b reMOJiMM(J)e nponcxoanT noBbiineHne aKTHBHOCTH 3CTepa3 n pe- 
rncTpnpyiOTCH HHayuHbejibHbie H30(J)opMbi. B cpeaHen KnniKe HH(j)HUHpoBaH- 
hmx jihhhhok obHapyxcHBaiOTCfl cHMXceHne 3CTepa3Hon aKTHBHOCTH h aerpa- 
aauHH 3 H30(j)opM b nepnoa MaccoBoft cnoporoHHH napa3HTa b KJieTKax xo- 
3HHHa. 

HccjiejiOBaHHfl npoBeaeHbi npn cjiHHaHcoBOH noaaepxtKe Pocchhckoto (J)oh- 
aa (JiyHjiaMeHTajibHbix HCcneaoBaHHH, rpaHT Nq 03-04-48310, MexcaHcunnjiHHap- 
HbiH HHTerpauHOHHbiH rpaHT CO PAH Nq 105. 
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MHCTHTyT CHCTeMaTHKH h OKOJiorMH xhbothbix CO PAH, nocTynmia 25 V 2005 
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AN EFFECT OF THE MICROSPORIDIAN VAIRIMORPHA EPHESTIAE 
(MICROSPORIDIA: BURENELLIDAE) ON ACTIVITY 
AND SPECTRUM OF NONSPECIFIC ESTERASES IN DIFFERENT TISSUES 
OF THE GREATER WAX MOTH GALLERIA MELLONELLA 
(LEPIDOPTERA: PYRALIDAE) LARVAE 

Ya. L. Vorontsova, N. I. Ershov, V. V. Glupov 

Key words : esterase assay, esterase pattern, fat body, hemolymph, midgut, microsporidia, 
Galleria mellonella , Vairimorpha ephestiae. 

SUMMARY 

The effect of the microsporidian Vairimorpha ephestiae Matted (Microsporidia: Bure- 
nellidae) on nonspecific esterases was studied in hemolymph, fat body and midgut of 
the larvae of Galleria mellonella L. (Lepidoptera: Pyralidae). Esterase patterns were analy¬ 
zed by the polyacrylamide gel electrophoresis, the total esterase activity was detected spect- 
rophotometrically. The increase of total esterase activity was registered in hemolymph of 
inflected larvae. An overexpression of esterase isozyme in hemolymph was already detected 
at the 3 rd day post infection. No changes in esterases pattern were observed in the fat 
body’s homogenates of the G. mellonella larvae possessing the symptoms of microsporidio- 
sis. The degradation of esterase isozymes and the decrease of total esterase activity in 
the pattern of the midgut homogenates of infected larvae were registered during parasite 
sporogony. The greatest esterase activity in hemolymph and midgut tissues was registered 
during vegetative reproduction of parasite, but the least level of esterase activity was obser¬ 
ved during mass sporogony of microsporidia. 
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